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CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electrolyte rechargeable battery characterized by including (A) lithium 
manganese multiple oxide and the lithium nickel complex oxide whose specific surface area (Bl) X is 
0.3 <=X (m2/g) in a positive-electrode electrode. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 characterized by 
the specific surface area X of said lithium nickel complex oxide being further X<=3.0 (m2/g). 
[Claim 3] The nonaqueous electrolyte rechargeable battery characterized by including (A) lithium 
manganese multiple oxide and the lithium nickel complex oxide whose (B-2) D50 particle size is 40 
micrometers or less in a positive-electrode electrode. 

[Claim 4] The nonaqueous electrolyte rechargeable battery according to claim 3 with which D50 
particle size of said lithium nickel complex oxide is characterized by being 3 more micrometers or 
more. 

[Claim 5] The nonaqueous electrolyte rechargeable battery according to claim 1 to 4 characterized 
by being 3< a<=45 when the weight ratio of said lithium manganese multiple oxide and lithium nickel 
complex oxide is expressed with [LiMn multiple oxide]:[LiNi multiple oxide] =(100-a):a. 
[Claim 6] The nonaqueous electrolyte rechargeable battery according to claim 1 to 5 with which said 
lithium nickel complex oxide consists of at least one sort chosen from the group which consists of 
LiNi02, Li2Ni02, LiNi 204. Li2nickel 204, and LiNi1-xMx02 (it is 0< x<=0.5, and M expresses one or 
more kinds of metallic elements chosen from the group which consists of Co, Mn, aluminum, Fe, Cu. 
and Sr.). 

[Claim 7] Said lithium manganese multiple oxide is a nonaqueous electrolyte rechargeable battery 
according to claim 1 to 6 which is the manganic acid lithium of Spinel structure. 
[Claim 8] The nonaqueous electrolyte rechargeable battery according to claim 1 to 7 whose 
supporting electrolyte in the electrolytic solution is LiPF6 or LiBF4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a nonaqueous electrolyte rechargeable battery. 

Furthermore, it is concerned with a detail at a lithium secondary battery or a rechargeable 

lithi um— ion battery, and is related with the nonaqueous electrolyte rechargeable battery which is 

high capacity and has improved a charge-and-discharge property, especially hot a cycle life, and a 

capacity preservation property and self-discharge nature. 

[0002] 

[Description of the Prior Art] A manganic acid lithium is an ingredient which attracts expectation 
very much as one of the positive-electrode ingredients for rechargeable lithium-ion batteries. 
Although this ingredient system is already reported as a candidate for research of magnetic behavior 
in the 1 950s (Journal of American Chemical Society Vol.78, pp 3255-3260) It will be Material in 
1983. Research Bulletin Vol.18 It has reported that M.M.Thackeray and others can take Li ion in and 
out electrochemically in pp 461-472. Since, The examination as a positive-electrode ingredient of a 
lithium secondary battery has been made. (For example) Journal of Electrochemical Society Vol.136 
No.11 pp 3169-3174 or Journal of Electrochemical Society Vol.138 No.10 pp 2859-2864. 
[0003] This manganic acid lithium takes the Spinel structure expressed with a chemical formula LiMn 
204, is between presentations with lambda-MnO 2, and functions as a 4V class positive-electrode 
ingredient. Since the manganic acid lithium of Spinel structure has the host structure of a different 
three dimension from the layer structure which LiCo02 grade has, most geometric capacity is 
usable and excelling in a cycle property is expected. 

[0004] However, when the lithium secondary battery which used the manganic acid lithium for the 
positive electrode in fact repeated charge and discharge, capacity degradation to which capacity 
falls gradually was not avoided, but the big problem was left behind to the utilization. 
[0005] Then, various approaches are examined in order to raise the cycle property of an organic 
electrolytic-solution rechargeable battery of having used the manganic acid lithium for the positive 
electrode- for example, the property improvement (JP,3-67464,A — ) by improving the reactivity at 
the time of composition JP.3-1 19656.A. JP.3-1 27453,A. JP,7-245106,A, the property improvement 
(JP,4-198028.A — ) by controlling an indication and particle size to JP,7-73883,A etc. Although an 
indication, the property improvement (it indicates to JP,5-21063,A etc.) by removing an impurity, 
etc. are mentioned to JP,5-28307.A. JP,6-295724.A. JP.7-97216.A, etc. The improvement in the 
cycle property that all are satisfying is not attained. 

[0006] Apart from the above, the attempt which aimed at improvement in a cycle property is also 
made by making the presentation ratio of Li sufficiently superfluous to stoichiometry by 
JP.2-270268,A. It is indicated by JP.4-123769.A. JP.4-147573.A. JP.5-205744.A, JP.7-282798.A. 
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etc, about composition of the same superfluous Li presentation multiple oxide. The improvement in 
the cycle property by this technique can be checked experimentally and clearly. 
[0007] moreover — as what aimed at effectiveness similar to overU presentation — Mn spinel 
ingredient LiMn 204 and this ingredient — Li — rich Li-Mn multiple oxide Li2Mn2 — the technique 
which is made to mix 04. LiMn02. and Li2Mn03 grade, and is used as positive active material is also 
indicated by JP.6-338320A JP.7-262984.A. etc. however, another Li in adding Li superfluously — in 
order that charge-and~discharge capacity value and a charge and discharge energy value might 
decrease while a cycle property improves if it is made to mix with a rich compound, there was a 
problem which cannot reconcile a high energy consistency and a long cycle life, on the other hand 
JP,6-275276.A — a high energy consistency and a high — although the attempt which aims at 
improvement in a rate charge-and-discharge property (the current in the case of charge and 
discharge is large to capacity) and the integrity of a reaction, and enlarges specific surface area is 
made, achievement of a high cycle life is conversely difficult. 

[0008] Examination which aims at improvement in a property has also been performed by on the 
other hand adding another element to the compound of three components of Li-Mn-0. For example, 
they are addition and dopes, such as Co, nickel. Fe. Or. or aluminum, (it indicates to JP.4-141954A 
JP.4-160758A JP,4-169076.A. JP.4-237970,A. JP.4-282560A JP.4-289662.A. JP.5-28991.A, 
JP,7-14572.A. etc.). These metallic element addition still needs to be devised, in order to be 
satisfied as total engine performance with reduction of charge-and-discharge capacity. 
[0009] In examination of other element addition, the improvement of other properties, for example, a 
cycle property, and a self-discharge property is expected, without hardly accompanying boron 
addition by reduction of charge-and-discharge capacity. For example, that is indicated by 
JP,2-253560.A. JP.3-297058.A. and JP.9-115515.A. All are immersed in the water solution of a 
boron compound (for example, boric acid), solid phase mixing, or a boron compound in a manganese 
dioxide or a lithium manganese multiple oxide, and the multiple oxide of lithium manganese boron is 
compounded by heat-treating. Since surface activity was reducing the complex particle powder of 
these boron compounds and manganic acid ghosts, it was expected that a reaction with the 
electrolytic solution would be controlled and the preservation property of capacity would be 
improved. 

[0010] However, only by boron addition, grain growth, reduction of tap density, etc. arose and it did 
not link with high capacity-ization as a cell directly. Moreover, depending on synthetic conditions, 
the capacity fall in the effectual potential range at the time of combination with a carbon negative 
electrode was seen, or reaction control with the electrolytic solution was sometimes inadequate, and 
effectiveness was not necessarily in the improvement of a preservation property. 
[001 1] Although various approaches have been tried by the cycle property improvement of a 
manganic acid lithium as mentioned above, since a degradation device is promoted, under current, 
the cycle property which is equal to Co system in use. especially the elevated-temperature 
operating environment, implementation of the cycle property in elevated-temperature use is asked 
for the further device. If a notebook computer, an electric vehicle, etc. consider the breadth of a 
future applicable field, it can especially be said that the cycle property reservation in an elevated 
temperature is increasing importance. 
[0012] 

[Problem(s) to be Solved by the Invention] As stated above, the manganic acid lithium LiMn 204 had 
a problem by two points, that implementation of (1) high-energy consistency (high 
charge-and-discharge capacity) and coexistence of a high cycle life are difficult for the cell using 
conventional LiMn 204. and reduction of the preservation capacity by current (2) self-discharge, 
although it was the multiple oxide which attracts the great expectation as alternate material of the 
mainstream positive active material LiCo02. 
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[0013] Although affinity with the technical problem and the technical electrolytic solution of cell 
manufacture etc. is pointed out as this cause, the following [ pay / to what is depended on the 
effect of the positive-electrode ingredient itself and a positive-electrode ingredient reason / one's 
attention ] can be considered. 

[0014] As a cause by which a high energy consistency is unrealizable probably, the effect of the 
superfluous imbalance of the ununiformity of a reaction, separation of a phase, and the presentation 
ratio of Li and Mn and an impurity, lack of tap density, etc. are mentioned. 
[0015] Although it depends for the ununiformity of a reaction, and separation of a phase on a 
synthetic process, in the case of the process calcinated after dry blending, it is mainly determined 
by mixed homogeneity, and the particle size and burning temperature of a start raw material, namely. 

— since a reaction advances on a solid phase front face, if burning temperature Is too high in mixing 
of the source of Li and the source of Mn being inadequate, or particle size being too coarse — Mn2 

— 03 and Mn3 — 04 and Li2 — a phase like Mn03. LiMn02. Li2Mn 204. Li2Mn 409. and Li4Mn 
5012 is generated, and the fall of cell voltage and the fall of energy density are caused. 
[0016] The cause of capacity degradation accompanying a charge-and-discharge cycle is in the 
impedance rise in which the elution or Mn elution of Mn from that the average valence of Mn ion 
changes between trivalent and tetravalence as charge compensation accompanying receipts and 
payments of Li. therefore Jahn-Teller distortion arises during a crystal and a manganic acid lithium 
originates. That is, as a cause of capacity degradation that charge-and-discharge capacity falls, 
Inactivation by the deposit of a up to [ the elution of Mn from the effect of an impurity and a 
manganic acid lithium and the negative-electrode active material of eluted Mn. or a separator ] and 
isolation of an active material particle, the effect of the acid further generated with content 
moisture, degradation of the electrolytic solution by the oxygen emission from a manganic acid 
lithium, etc. can be considered by repeating a charge-and~discharge cycle. 

[0017] When the single spinel phase is formed, become the form which Mn tends to dissolve into the 
electrolytic solution when trivalent Mn in Spinel structure dismutates the elution of Mn in part to 
tetravalent Mn and divalent Mn. While it is possible to be eluted from relative lack of Li ion etc. and 
generating of an irreversible capacitive component and turbulence of the atomic arrangement under 
crystal are promoted by the repeat of charge and discharge Eluted Mn ion deposits on a negative 
electrode or a separator, and is considered to bar migration of Li ion. Moreover, when a manganic 
acid lithium takes Li ion in and out, cubic symmetry is accompanied by distortion, and several% of 
expansion and contraction of unit-lattice length according to the Jahn-Teller effectiveness. 
Therefore, by repeating a cycle, electric poor contact arises in part, or it is expected that the 
particle which separated also stops functioning as an electrode active material. 
[0018] It is thought that emission of the oxygen from a manganic acid lithium furthermore also 
becomes easy along with Mn elution. In accordance with a cycle. 3.3V plateau capacity becomes 
large and. as for the manganic acid lithium with many oxygen defects, a cycle property also 
deteriorates as a result. Moreover, if there is much emission of oxygen, it will be surmised that 
disassembly of the electrolytic solution is affected, and it is thought that cycle degradation by 
degradation of the electrolytic solution is also caused. Although an improvement of a synthetic 
approach, other transition-metals element addition. overLi presentation, etc. have so far been 
considered for solution of this trouble, it has come to satisfy reservation of high discharge capacity, 
and both sides of a high cycle life to coincidence. 

[0019] Therefore, reducing Mn elution. mitigating distortion of a grid, lessening an oxygen deficiency, 
etc. are drawn as a cure. 

[0020] Next, if the phenomenon of internal short-circuit, such as lack of alignment of the forward 
negative electrode of a manufacture process reason of a cell and electrode metal waste mixing, is 
excepted as a cause of reduction of the preservation capacity by self-discharge, an improvement of 
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a preservation property will also be considered to be [ control of the improvement of the stability of 
a manganic acid lithium to the electrolytic solution, i.e.. the elution of Mn, a reaction with the 
electrolytic solution, emission of oxygen, etc. ] effective. 

[0021] In the use especially under hot environments, it has been the serious failure of application 
expansion that these degradation of both is promoted. However, since the ingredient system which 
can expect the potential with which can be satisfied of engine performance for which a current high 
performance rechargeable battery is asked, such as the high level of electromotive force, 
electricahpotential-difference surface smoothness at the time of discharge, a cycle property, and 
energy density, is restricted, the manganic acid lithium of the new Spinel structure which was 
excellent in the cycle property without charge-and-discharge capacity degradation and the 
preservation property is called for. 

[0022] By the way, using the mixed oxide of the lithium manganese multiple oxide of LiMn204 grade 
and the lithium nickel complex oxide of LiNi02 grade as positive active material is indicated by 
JP.1 0-1 1231 8.A. According to this official report, the irreversible capacity in first time charge and 
discharge is filled up, and it is supposed that a big charge-and-discharge capacity will be obtained. 
Moreover, mixing and using LiCoO,5nickel 0.5O2 for the lithium manganese multiple oxide of LiMn204 
grade as positive active material also at JP.7-235291.A is indicated. 

[0023] However, according to examination of this invention person, about a charge-and-discharge 
property, especially hot a cycle life, and a capacity preservation property and self-discharge nature, 
the result which should not necessarily be satisfied was not obtained only by using the mixed oxide 
of a lithium manganese multiple oxide and lithium nickel complex oxide for positive active material. 
[0024] Then, this invention is made in view of the above trouble, and aims at offering a cell property 
especially a charge-and-discharge cycle property, a preservation property, and nonaqueous 
electrolyte 2 cell that was further excellent in safety. 
[0025] 

[Means for Solving the Problem] this invention person etc. resulted having very big influence about 

the improvement of a cycle life [ in / in the surface area of the lithium nickel complex oxide to mix. 

or particle size / a charge-and-discharge property, especially an elevated temperature ]. and a 

capacity preservation property and self-discharge nature in a header and this invention, as a result 

of repeating various examination, in order to attain the above-mentioned purpose. 

[0026] That is, this invention relates to a positive-electrode electrode at the nonaqueous electrolyte 

rechargeable battery characterized by including (A) lithium manganese multiple oxide and the lithium 

nickel complex oxide whose specific surface area (B1) X is 0.3 <=X (m2/g). 

[0027] Moreover, this invention relates to a positive-electrode electrode at the nonaqueous 

electrolyte rechargeable battery characterized by including (A) lithium manganese multiple oxide and 

the lithium nickel complex oxide whose (B-2) D50 particle size is 40 micrometers or less. 

[0028] When this invention expresses the weight ratio of said lithium manganese multiple oxide and 

lithium nickel complex oxide by [LiMn multiple oxide]:[LiNi multiple oxide] =(100-a):a. it is desirable 

that it is especially 3< a<=45. 

[0029] 

[Embodiment of the Invention] According to examination of this invention person, to the lithium 
manganese multiple oxide which is positive active material (81) When the lithium nickel complex 
oxide whose specific surface area X is 0.3 <=X (m2/g). or (B-2) D50 particle size mixes and uses the 
lithium nickel complex oxide which is 40 micrometers or less (1) Mn ion eluted in the electrolytic 
solution decreased sharply, concentration change of Li ion which exists in coincidence in (2) 
electrolytic solutions became small, degradation of (3) electrolytic solutions and discoloration were 
suppressed, and it became clear that generation of an acid is also controlled. The dependency of 
specific surface area or particle size being still larger in that case is observed extremely. 
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[0030] Although the mechanism from which such a result is obtained was not necessarily clear, the 
hydrogen ion (H+) generated by the reaction of the moisture and supporting electrolyte which the 
elution of Mn ion mixed into the electrolytic solution as a large reason in the conventional 
nonaqueous electrolyte rechargeable battery, this reacted with the lithium manganese multiple oxide, 
and this invention person presumed that Mn elution happened. As a supporting electrolyte, Mn 
elution is [ that it is especially easy to generate an acid in the case of LiPF6 or LiBF4 ] large. On 
the other hand, by this invention, it is thought that the above-mentioned predetermined specific 
surface area or the lithium nickel complex oxide of D50 particle size contained in a positive 
electrode catches a hydrogen ion. The device which incorporates a hydrogen ion, for example and 
emits Li ion instead as a reaction at this time is presumed. Moreover, lithium nickel complex oxide 
may be carrying out a certain work like catalyst poison to the reaction between the 3 persons of a 
lithium manganese multiple oxide, the electrolytic solution, and water. 

[0031] Anyway, in a positive electrode, by making specific lithium nickel complex oxide intermingled, 
generation of the acid in the electrolytic solution can be controlled, and Mn eluted in the electrolytic 
solution from lithium manganese multiple oxides, such as a manganic acid lithium, can decrease, and 
the desorption of the oxygen from lithium manganese multiple oxides, such as a manganic acid 
lithium, can be similarly decreased with a lithium manganese multiple oxide at coincidence. 
Therefore, since decomposition and Li concentration change of the electrolytic solution are 
controlled while structure degradation of the lithium manganese multiple oxide itself is suppressed, 
the increment in a cell impedance can be prevented. For this reason, a cycle property and a 
capacity preservation property can be raised. This invention is excellent in the cycle property and 
the capacity preservation property, even when the supporting electrolyte which is easy to generate 
an acid like especially LiPF6 and LiBF4 is used. 

[0032] Furthermore, as lithium nickel complex oxide, when an ingredient system with a bigger 
charge-and-discharge capacity than a lithium manganese multiple oxide is used, high 
capacity-ization can also be attained to coincidence as secondary effectiveness. 
[0033] further — this invention — the mixing ratio of a lithium manganese multiple oxide and lithium 
nickel complex oxide — since Mn further eluted in the electrolytic solution from a lithium manganese 
multiple oxide by making it set to 3<a can be reduced when a rate is expressed with [LiMn multiple 
oxide]:[LiNi multiple oxide] =100-a:a, a cycle property and a capacity preservation property can be 
raised. Moreover, generally, lithium nickel complex oxide can obtain the nonaqueous electrolyte 
rechargeable battery of the very high safety which the lithium manganese multiple oxide originally 
has by making it set to a<=45. although it is known that it is inferior to safety compared with a 
lithium manganese multiple oxide. 

[0034] The lithium manganese multiple oxide used for this invention is oxide which consists of a 
lithium, manganese, and oxygen, and can mention the manganic acid lithium, Li2Mn 204, and the 
LiMn02 grade of Spinel structure of LiMn204 grade, as long as the manganic acid lithium of the 
Spinel structure of LiMn204 grade is desirable and Spinel structure is taken also in this — [Li]/[Mn] 
ratio — from 0.5 — shifting — **** — as [Li]/[Mn] ratio — 0.5 to 0.65 — desirable — 0.51 to 0,6 
— it is 0.53-0.58 most preferably. 

[0035] Moreover, similarly, as long as a manganic acid lithium takes Spinel structure, [Li+Mn]/[0] 
ratio may shift from 0.75. 

[0036] Moreover, when the ease of production and the homogeneity of a cell reaction are taken into 
consideration, the slurry suitable for the particle size of a lithium manganese multiple oxide 
producing a positive electrode is weighted mean particle size, and is usually 5-30 micrometers. 
[0037] Such a lithium manganese multiple oxide can be manufactured as follows. 
[0038] As a manganese (Mn) raw material and a lithium (Li) raw material, first, as a Li raw material, 
lithium compounds, such as a lithium carbonate, lithium oxide, a lithium nitrate, and a lithium 
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hydroxide, can be used, for example, and manganese compounds, such as manganese salt, such as 
various Mn oxides, such as electrolytic manganese dioxide (EMD), Mn 203, Mn304, and a chemistry 
manganese dioxide (CMD). manganese carbonate, and a manganese oxalate, can be used as a Mn 
raw material. However, when the ease of reservation of the presentation ratio of Li and Mn, the 
energy density per unit volume by the difference in bulk density, the ease of the purpose 
particle-size reservation, the simplicity of the process and handling at the time of carrying out 
extensive composition industrially, the existence of generating of harmful matter, cost. etc. are taken 
into consideration, the combination of electrolytic manganese dioxide and a lithium carbonate is 
desirable. 

[0039] It is desirable to grind a lithium raw material and a manganese raw material as a preceding 
paragraph story which mixes a start raw material if needed, and to keep step with a suitable particle 
size. 3~70 micrometers of particle size of Mn raw material are usually 5-30 micrometers preferably. 
Moreover. 5 micrometers or less of particle size of the source of Li are 10 micrometers or less 
usually 3 micrometers or less most preferably. 

[0040] Since a reaction advances on a solid phase front face, if the generation reaction of a lithium 
manganese multiple oxide has a too coarse particle size in mixing of the source of Li and the source 
of Mn being inadequate, a desired presentation and the lithium manganese multiple oxide of 
structure may not be obtained. For example, in case the manganic acid lithium of Spinel structure is 
manufactured, when particle size is too coarse, and a phase like Mn 203. Mn304, Li2Mn03. Li2Mn 
409, and Li4Mn 5012 may generate, from the manganic acid lithium of Spinel structure, cell voltage 
may fall or energy density may fall. [ that mixing of the source of Li and the source of Mn is 
inadequate ] Therefore, in order to obtain a desired presentation and the lithium manganese multiple 
oxide of structure, to raise the homogeneity of a reaction and to increase the touch area of a lithium 
raw material and a manganese raw material, it is desirable to use the above particle size. Then, 
particle-size control and the granulation of mixed powder may be performed. Moreover, if particle 
size of a raw material is controlled, the lithium manganese multiple oxide of the purpose particle size 
can be obtained easily. 

[0041] Next, it takes so that the presentation ratio of the lithium manganese multiple oxide with 
which the mole ratio of Li/Mn targets each raw material may be suited, and it fully mixes, and 
calcinates in an oxygen ambient atmosphere. Oxygen may use pure oxygen and may be mixed gas 
with inert gas. such as nitrogen and an argon. The oxygen tension at this time is 50 - 760torr extent. 

[0042] Although it is usually 400-1000 degrees 0, burning temperature is suitably chosen so that a 
desired phase may be obtained. For example, a fme-particles consistency may be small in oxygen 
becoming superfluous relatively, if the phase which will not be made into the purpose of Mn 203 or 
Li2Mn03 grade if burning temperature is too high may carry out generation mixing, cell voltage and 
energy density may not be enough, although the manganic acid lithium of Spinel structure is 
manufactured, and burning temperature is too low. and it may not be desirable to implementation of 
high capacity too. Therefore, 600-900 degrees C is 700-850 degrees C most preferably preferably [ 
although the manganic acid lithium of Spinel structure is manufactured ] as a burning temperature. 
[0043] Although firing time can be adjusted suitably, it is usually 12-48 hours preferably for 6 to 
100 hours. Although a cooling rate can be adjusted suitably, it is desirable in the case of the last 
baking processing to consider as the cooling rate which not to quench is more desirable, for 
example, is 1 0O-degree-Q [/h ] or less extent. 

[0044] Thus, the fine particles of the obtained lithium manganese multiple oxide are classified further 
if needed, particle size is arranged, and it mixes with the lithium nickel complex oxide explained 
below, and uses as positive active material. 

[0045] Next, the lithium nickel complex oxide used for this invention is explained. Lithium nickel 
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complex oxide is an oxide which consists of a lithium, nickel, and oxygen, and can mention what 
doped other elements in part for stabilization, high-capacity-izing. and the improvement in safety to 
LiNi02, Li2Ni02, UNI 204. Li2nickel 204. and these oxides. The oxide which doped other elements, 
for example to LiNi02 as what doped the element besides a part is expressed with LiNi1-xMx02 (it 
is 0< x<=0.5.). and M is a dope metallic element and expresses one or more kinds of metallic 
elements chosen from the group which consists of Co, Mn, aluminum, Fe, Cu, and Sr. M may be two 
or more sorts of dope metallic elements, and the sum of the presentation ratio of a dope metallic 
element should just be set to x. 

[0046] Also in this. LiNi02 and LiNi1-xCox02 (x is usually 0.1-0.4 in this case.) are desirable. 
[0047] In addition, in this invention, the Li/nickel ratio (in LiNi1-xMx02, they are U/[nickel+M] ratio) 
of the above-mentioned lithium nickel complex oxide may shift from the written stoichiometry 
somewhat, and the lithium nickel complex oxide of this invention also includes such a case. 
[0048] In this invention, as such lithium nickel complex oxide, when specific surface area X uses 0.3 
or more, it becomes possible to prevent effectively degradation of a lithium manganese multiple 
oxide or the electrolytic solution. Moreover, specific surface area is usually 5.0 or less, and since the 
slurry which can perform electrode spreading easily that it is easy to deal with it in case a 
positive-electrode electrode is manufactured will be obtained if further 3.0 or less thing is used, it is 
desirable. 

[0049] Moreover, this invention enables it to prevent effectively degradation of a lithium manganese 
multiple oxide or the electrolytic solution because 050 particle size may use a thing 40 micrometers 
or less and sets D50 particle size to 40 micrometers or less as the above-mentioned lithium nickel 
complex oxide. Moreover. D50 particle size is usually 1 micrometers or more, and since the slurry 
which can perform electrode spreading easily that it is easy to deal with it in case a 
positive-electrode electrode is manufactured will be obtained if especially a thing 3 micrometers or 
more is used, it is desirable. 

[0050] In addition, specific surface area expresses the surface area per fine-particles unit weight 

(m2/g), and it measures with a gas absorption method by this invention here. 

[0051] Moreover, D50 particle size expresses the particle size corresponding to 50% of weight 

addition values, and it measures with a laser-light-scattering type measuring method. 

[0052] Such lithium nickel complex oxide can be manufactured as follows. First, as a lithium raw 

material, lithium compounds, such as a lithium carbonate, lithium oxide, a lithium nitrate, and a lithium 

hydroxide, can be used like the above-mentioned. Moreover, nickel hydroxide, nickel oxide, nickel 

nitrate, etc. can be used as a nickel (nickel) raw material. 

[0053] It is desirable to grind a lithium raw material and a nickel raw material if needed, and to 
arrange and use them for a suitable particle size. In order to obtain a predetermined specific surface 
area or D50 particle size especially, it is desirable to classify and use the particle size of a nickel 
raw material. 

[0054] Then, after taking so that the presentation ratio of the lithium nickel complex oxide which a 
Li/nickel ratio makes the purpose may be suited, and mixing enough, it calcinates like manufacture 
of a lithium manganese multiple oxide. Burning temperature is about 500-900 degrees C. The lithium 
nickel complex oxide of a desired specific surface area or D50 particle size can be obtained by 
classifying preferably the lithium nickel complex oxide calcinated and obtained further. 
[0055] What mixed such a lithium manganese multiple oxide and lithium nickel complex oxide is used 
for the positive-electrode electrode used for the nonaqueous electrolyte rechargeable battery of 
this invention as positive active material. 

[0056] In addition, in this invention, the compound generally [ LiCo02 grade ] known as positive 
active material may be mixed and used as positive active material besides the mixture of such a 
lithium manganese multiple oxide and lithium nickel complex oxide. Moreover, the quality of an 
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additive for which Li2C03 grade is usually used for safety etc. may be added further. 
[0057] As the manufacture approach of a positive electrode, although there is especially no limit, 
after mixing by the suitable dispersion medium which may dissolve a binder for the fine particles of 
for example, a lithium manganese multiple oxide, and the fine particles of lithium nickel complex 
oxide with an electro-conductivity applying agent and a binder (slurry method), and applying it on 
charge collectors, such as aluminum foil, and it dries a solvent, it is compressed with a press etc. 
and formed. 

[0058] In addition, there is especially no limit as an electro-conductivity applying agent, and things 
usually used, such as carbon black, acetylene black, a natural graphite, an artificial graphite, and a 
carbon fiber, can be used. Moreover, what is usually used [ polyvinylidene fluoride / (PVDF) / 
polytetrafluoroethylene (PTFE). ] also as a binder can be used. 

[0059] On the other hand, as a negative-electrode active material to receive, carbon materials, such 
as occlusion, graphite which may be emitted, or amorphous carbon, are used for a lithium, a lithium 
alloy, or a lithium. 

[0060] Although especially a separator is not limited, textile fabrics, glass fiber, a porous 
synthetic-resin coat, etc, can be used. For example, polypropylene and the porous film of a 
polyethylene system are thin films, and it is suitable in respect of large-area-izing. film 
reinforcement, or membrane resistance. 

[0061] As a solvent of nonaqueous electrolyte, it is usually used well, and can be easy to use 
carbonate, chlorinated hydrocarbon, ether, ketones, and nitril. Preferably, at least one kind is chosen 
from diethyl carbonate (DEC), dimethyl carbonate (DMC). ethyl methyl carbonate (EMC), and ester 
as a high dielectric constant solvent as at least one kind from ethylene carbonate (EC), propylene 
carbonate (PC), gamma-butyrolactone (GBL), etc., and a hypoviscosity solvent, and the mixed liquor 
is used. EC+DEC, PC+DMC. or PC+EMC is desirable. 

[0062] As a supporting electrolyte, at least one kind is used from LiCI04, Lil. LiPF6, LiAICI4, LiBF4. 
CF3S03Li, etc. Since effectiveness can be most demonstrated when especially LiPF6 or LiBF4 are 
used, since the acid in the electrolytic solution can be controlled even if it uses the supporting 
electrolyte which is easy to generate acidity in this invention, it is desirable. The concentration of a 
supporting electrolyte is 0.8-1. 5M. 

[0063] As a configuration of a cell, various configurations, such as a square shape, a paper mold, a 
laminating mold, cylindrical, and a coin mold, are employable. Moreover, what is necessary is not to 
limit especially these and just to select them according to the above-mentioned configuration, 
although there are a charge collector, an electric insulating plate, etc. in a component part. 
[0064] 

[Example] Hereafter, although an example explains this invention further, this invention is not limited 
to these. In addition, specific surface area is Quanta. Using QuantaSorb by the Chrome company, 
D50 particle size is Micro. It measured using FRA made from Trac. 

[0065] A lithium carbonate (Li2C03) and electrolytic manganese dioxide (EMD) were used for 
composition of the [example 1 of evaluation trial] manganic acid lithium as a start raw material. 
[0066] Grinding of Li2C03 and the classification of EMD were performed for the purpose of 
obtaining the manganic acid lithium which has reactant improvement and the purpose particle size 
as a preceding paragraph story of mixing of the above-mentioned start raw material. When using as 
positive active material of a cell, since the weighted mean particle size of 5-30 micrometers was 
desirable, the manganic acid lithium also set particle size of EMD to the same 5-30 micrometers as 
the purpose particle size of a manganic acid lithium by balance, such as homogeneous reservation of 
a reaction, an ease of slurry production, and safety. 

[0067] On the other hand, since the particle size of 5 micrometers or less was desirable for 
reservation of homogeneous reaction. Li2C03 ground so that D50 particle size might be set to 1.4 
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micrometers. 

[0068] Thus, EMD and Li2C03 which were arranged with a predetermined particle size were mixed 
so that it might be set to [Li]/[Mn] =1.05/2. 

[0069] This mixed powder was calcinated at 800 degrees C under the ambient atmosphere of an 
oxygen flow. Subsequently, the air classifier removed the minute particle with a particle size [ in the 
particle of the obtained manganic acid lithium ] of 1 micrometer or less. At this time, the specific 
surface area of the obtained manganic acid lithium was about 0.9m2/g. 

[0070] Moreover, tap density was the fine-particles property that call that 4.09g [ // cc ] and D50 
particle size is 17.2 micrometers, and 2.1 7g /and true density cc call a lattice constant 8.227A. 
[0071] On the other hand. LiNi02 of specific-surface-area of 1.7m 2/g was prepared as lithium 
nickel complex oxide. 

[0072] It mixed at a rate of expressing the manganic acid lithium prepared as mentioned above and 
LiNi02 to Table 1 , and ten cc of electrolytic solutions of the mixed solvent (50:50 (volume %)) of the 
propylene carbonate (PC) containing the 5g of mixed powder and LiPF6 (concentration 1M) and 
dimethyl carbonate (DMC) was put into the well-closed container. 

[0073] These well-closed containers were heated at 80 degrees C, and were left for 20 days. The 
electrolytic solution was extracted after that and Mn ion concentration in the electrolytic solution 
was analyzed in ICR. The result is shown in Table 1. 
[0074] 



[Table 1] 
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[0075] (the weight of lithium nickel complex oxide when a expresses above and homonymy, i.e., 
[lithium manganese multiple oxide],: [lithium nickel complex oxide] as :(100-a) a among Table 1 — a 

mixing ratio is expressed,) 

From this result, Mn eluted in the electrolytic solution decreases, so that LiNi02 mixing ratio is high. 
That is. even if it uses a cell under hot environments, it is expected that the stability of positive 
active material increases. Although especially the effectiveness of stopping the elution of Mn when 
LiNi02 adds at least in less than 3% of thing is seen, in order to acquire satisfying effectiveness, it is 
desirable to put in 3% or more. It is 10% or more still more preferably. 

[0076] The well-closed container prepared in the example 1 of the [example 2 of evaluation trial] 
evaluation trial was similarly heated at 80 degrees C, and was left for 20 days. The electrolytic 
solution was extracted after that and Li ion concentration in the electrolytic solution was analyzed 
in atomic absorption. The result is shown in Table 2. 
[0077] 
[Table 2] 
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[0078] If based on Li concentration in the electrolytic solution of the mixed solvent (50:50 (volume 
%)) of the propylene carbonate (PC) containing LiPF6 (concentration 1M) and dimethyl carbonate 
(DMC) being about 6400 ppm. LiNi02 mixing ratio is 3% or more» and it can be said that Li 
concentration reduction in the electrolytic solution can be controlled. When 1/3 or less [ of Mn 
concentration when not mixing lithium nickel complex oxide ] is made into a standard, a is 
understood that three or more are desirable also from a viewpoint of Li concentration reduction 
control in the electrolytic solution. 

[0079] As lithium nickel complex oxide, seven kinds of LiNi0.8Co0.2O2 powder. 3.0m2/g. 2.36m2/g. 
1,50m2/g, 0.71 m2/g, 0.49m2/g. 0.30m2/g. and 0.25m2/g. was prepared as a specific surface area 
using the manganic acid lithium compounded like the example 1 of an evaluation trial as a [example 3 
of evaluation trial] lithium manganese multiple oxide. 

[0080] next, a manganic acid lithium and LiNi0.8Co 0.2O2 of various specific surface area — 
predetermined weight — it mixed with the mixing ratio (a= 0. 3, 5. 10, 15. 20. 30. 35). and ten cc of 
electrolytic solutions of the mixed solvent (50:50 (volume %)) of the propylene carbonate (PC) 
containing the 5g of mixed powder and LiPF6 (concentration 1M) and dimethyl carbonate (DMC) was 
put into the well-closed container like the example 1 of an evaluation trial. 

[0081] These well-closed containers were heated at 80 degrees C. and were left for 20 days. The 
electrolytic solution was extracted after that and Mn ion concentration in the electrolytic solution 
was analyzed in IGP. The result is shown in drawing 1 . It turns out that the effectiveness which 
controls Mn elution is high, so that specific surface area is large. 

[0082] In the thing of under 0.3m2/g, the effectiveness of Mn elution control has a too small specific 
surface area of lithium nickel complex oxide, and if it is not a> 45. it will not become 1/3 or less [ of 
Mn concentration when not mixing lithium nickel complex oxide ] from the result of the example 3 of 
an evaluation trial, therefore, if specific surface area is not a thing more than 0.3m2/g, it turns out 
that effectiveness sees and is not stopped. 

[0083] As lithium nickel complex oxide, six kinds of LiNi0.8Co0.2O2 powder whose D50 is 2 
micrometers, 3 micrometers, 15 micrometers, 26 micrometers, 40 micrometers, and 45 micrometers 
was prepared using the manganic acid lithium compounded like the example 1 of an evaluation trial 
as a [example 4 of evaluation trial] lithium manganese multiple oxide. 

[0084] next, a manganic acid lithium and LiNi0.8Co 0.2O2 of various specific surface area — 
predetermined weight — it mixed with the mixing ratio (a= 0, 3, 5. 10, 15, 20, 30. 35). and ten cc of 
electrolytic solutions of the mixed solvent (50:50 (volume %)) of the propylene carbonate (PC) 
containing the 5g of mixed powder and LiPF6 (concentration 1 M) and dimethyl carbonate (DMC) was 
put into the well-closed container like the example 1 of an evaluation trial. 

[0085] These welhclosed containers were heated at 80 degrees C. and were left for 20 days. The 
electrolytic solution was extracted after that and Mn ion concentration in the electrolytic solution 
was analyzed in ICP. The result is shown in drawing 2 . It turns out that the effectiveness which 
controls Mn elution is high, so that particle size is small, moreover, the mixing ratio of larger lithium 
nickel complex oxide than D50 particle size of 40 micrometers — alpha — a> 45 — even if — Mn 
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elution volume does not become 1/3 or less [ of Mn concentration when not mixing lithium nickel 
complex oxide ]. Therefore, the effectiveness will not be accepted if D50 particle size is not a thing 

40 micrometers or less. 

[0086] As lithium nickel complex oxide, five kinds of LiNi0.8Co0.2O2 powder. 4.5m2/g, 3.2m2/g, 
3.0m2/g, 1 .50m2/g. and 0.30m2/g, was prepared as a specific surface area using the manganic acid 
lithium compounded like the example 1 of an evaluation trial as a [example 5 of evaluation trial] 
lithium manganese multiple oxide. Carbon black was blended dryly as a manganic acid lithium, 
LiNiO.SCo 0.2O2, and an electro-conductivity applying agent, it kneaded [ be / it / under / 
N-methyl-2-pyrrolidone / in which PVDF which is a binder was dissolved / (NMP) / adding ]. 
homogeneity was distributed, and the slurry for cells was created. At this time, it is a manganic acid 
lithium:LiNi0.8Co0.2O2:electro-conductivity applying agent :P It was the mixing ratio (a= 25) of 
VDF:NMP=30:1 0:5:5:50 (% of the weight). 

[0087] After measuring with a Brookfield viscometer, and applying the slurry to homogeneity on an 
aluminum metallic foil with a thickness of 25 micrometers, it considered as the positive-electrode 
sheet by evaporating NMP. Specific surface area, a slurry, and the condition of spreading are shown 

in Table 3. 
[0088] 
Table 3] 
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[0089] From Table 3, since gelation cause electrode spreading becomes difficult when specific 
surface area is larger than 3.0m2/g, specific surface area is understood that below 3.0m2/g is 

desirable, 

[0090] In the example of the [example 6 of evaluation trial] evaluation trial, it considered as the 
positive-electrode sheet like the example 5 of an evaluation trial except having prepared 
LiNiO.8CoO.202 powder whose D50 is 2 micrometers. 3 micrometers, 15 micrometers, 26 
micrometers, 40 micrometers, and 45 micrometers as lithium nickel complex oxide. D50 particle size, 
a slurry, and the condition of spreading are shown in Table 4. 
[0091] 
[Table 4] 
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[0092] Since gelation cause electrode spreading becomes difficult when D50 particle size is smaller 
than 3 micrometers, Table 4 shows that 3 micrometers or more are desirable as D50 particle size. 
[0093] The 2320 coin eel was produced using the manganic acid lithium compounded like the 
example 1 of an evaluation trial as a [example 7 of evaluation trial] lithium manganese multiple oxide, 
using LiNi0.8Co 0.2O2 of specific-surface-area of 1.7m 2/g as lithium nickel complex oxide. 
[0094] That is, the positive electrode rolled out what was kneaded with the mixing ratio (a= 10) of 
manganic acid lithium:LiNi0.8Co0.2O2:electro-conductivity applying agent:PTFE=72:8:10:10 (% of the 
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weight) in thickness of 0.5mm. and pierced and produced it by phi12mm. Carbon black was used for 
the electro-conductivity applying agent here. In the negative electrode, the separator used porous 
PP film with a thickness of 25 micrometers using phi 14mm and the metal Li with a thickness of 
1.5mm, The electrolytic solution was used as the mixed solvent (50:50 (volume %)) of the ethylene 
carbonate (EC) containing LiCI04 (concentration 1M), and dimethyl carbonate. 
[0095] The positive electrode was set to manganic acid lithium:electro-conductivity applying 
agent:PTFE=80:10:10 (% of the weight) for the comparison with coincidence, and the 2320 coin eel 
which made a negative electrode, a separator, and the electrolytic solution the same was produced 
except LiNiO.SCo 0.2O2 not being included. 

[0096] The charge-and-discharge cycle trial was performed using these coin eels. A cycle makes 
charge and discharge the constant current of 0.5 mA/cm2, and the charge-and-discharge-voltage 
range is 3,0-4. 5V. vs It carried out by Li. Moreover, evaluation temperature was considered as 
10-degree-C unit from 10 degrees C to 60 degrees C. 

[0097] The #50-/#1 (discharge capacity of eye 50 cycles to discharge capacity of eye one cycle 
comparatively) capacity survival rate (%) by the cycle evaluation temperature of the coin eel of the 
thing (example) containing LiNiO.SCo 0.2O2 and the thing (example of a comparison) which is not 
included is shown in Table 5. Even if the direction of the coin eel by this invention raises cycle 
temperature, a capacity survival rate is high. 
[0098] 
[Table 5] 
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[0099] The 1 8650 cylinder eel was made as an experiment using the manganic acid lithium 
compounded like the example 1 of an evaluation trial as a [example 8 of evaluation trial] lithium 
manganese multiple oxide, using LiNiO.SCo 0.2O2 of specifie-surface-area of 1.7m 2/g as lithium 

nickel complex oxide. 

[0100] That is, carbon black was first blended dryly as a manganic acid lithium. LiNiO.SCo 0.2O2. and 
an electro-conductivity applying agent, in the N-methyl-2-pyrrolidone (NMP) in which PVDF which 
is a binder was dissolved, homogeneity was distributed and the slurry was produced. The 
positive-electrode sheet took after applying the slurry on an aluminum metallic foil with a thickness 
of 25 micrometers by evaporating NMP. the solid content ratio in a positive electrode — manganic 
acid lithium: — LiNi0.8Co0.2O2: — electro-conductivity applying agent :P It was referred to as 
VDF=72:8:10:10 (% of the weight). At this time, it is a= 10. 

[0101] On the other hand, a negative-electrode sheet is carbon :P It mixes and NMP was distributed 
so that it might become the ratio of VDF=90:10 (% of the weight), and it applied on copper foil with a 
thickness of 20 micrometers, and produced. 

[0102] The electrode sheet of the positive electrode produced as mentioned above and a negative 
electrode was wound up through the polyethylene porosity film separator with a thickness of 25 
micrometers, and it considered as the cylinder cell. 

[0103] The electrolytic solution made LiPF6 of 1M the supporting electrolyte, and the solvent was 
used as the mixed solvent (50:50 (volume %)) of propylene carbonate (PC) and diethyl carbonate 
(DEC). 
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[0104] LiNiO.SCo 0,202 is not included in coincidence in a positive electrode for a comparison, but it 
is a manganic acid lithium:electro-conductivity applying agent about a solid content ratio :P The 
1 8650 cylinder eel was similarly made as an experiment except having been referred to as 

VDF=80:10:10 (% of the weight). 

[0105] The charge-and-discharge cycle trial in 55 degrees C was performed using these cylinder 
eels. In charge, it went by 500mA to 4.2V. and discharge went by 1000mA to 3.0V. The cycle 
property comparison of the discharge capacity in 55 degrees 0 of a cylinder eel is shown about the 
case (example of a comparison) where it does not contain when LiNiO.SCo 0.2O2 is included in 
drawing 3 (example). Even if the direction of the cylinder eel by the example of this invention 
repeats a charge-and-discharge cycle, it turns out that there is little capacity degradation. 
[0106] Furthermore, the impedance of each cylinder eel was measured for the 

charge-and-discharge cycle trial in 55 degrees C by the alternating current impedance method after 
100 cycle ****** using the cylinder eel by the above-mentioned example and the example of a 
comparison. The comparison is shown in drawing 4 . It turns out that the example by this invention 
of direct-current equivalent resistance and interfacial resistance is also smaller. 
[0107] The 18650 cylinder eel was made as an experiment using the manganic acid lithium 
compounded like the example 1 of an evaluation trial as a [example 9 of evaluation trial] lithium 
manganese multiple oxide, using LiNiO.SCo 0.2O2 of specific-surface-area of 1.7m 2/g as lithium 
nickel complex oxide. 

[0108] The manufacture approach of a 18650 cylinder eel was performed like the example 8 of an 
evaluation trial. 

[0109] At this example of an evaluation trial, the solid content weight ratio in a positive electrode is 

a manganic acid lithium:LiNi0.8Co0.2O2:electro-conductivity applying agent :P It examined with the 

value which shows x (% of the weight) when being referred to as VDF=80-x:x: 10:10 in Table 6. In 

Table 6. a (= x.1 00/80, above-mentioned a and homonymy) was also written together. 

[01 10] Thus, the capacity retention test in 55 degrees 0 was performed using the produced cylinder 

cel. 

[01 1 1] After carrying out constant-current charge of the charge to 4.2V by 500mA. it performed 
constant-potential charge by 4.2V for 2 hours. Then, the discharge capacity the case where it is 
made to discharge without placing neglect time amount in a room temperature, and at the time of 
making it discharge, after leaving it for 28 days in a room temperature was measured. Volumetry set 
cut-off potential to 3.0V by 500mA under the room temperature environment. 
[01 12] The rate to the capacity (it is written as OW capacity) at the time of making it discharge 
without the preservation capacity after the neglect during 28 days of the cylinder eel made as an 
experiment to Table 6 (for it to be written as 4W capacity) and the neglect period of the 
preservation capacity is shown. When it adds to the case (in the case of x= 0) where LiNi0.8Co 
0.2O2 is not added, after neglect has the high shelf life of capacity for 28 days. Moreover, the 
capacity of a cylinder eel also increased by the lithium-nickel-complex-oxide mixing effectiveness of 
high capacity. 
[0113] 
[Table 6] 
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[01 14] The safety test was performed using the cylinder eel produced in the example 9 of the 
[example 10 of evaluation trial] evaluation trial. The result is shown in Table 7. when a manganic acid 
lithium is used as main positive active material, since safety is high as compared with Co system, it 
is about the difference in safety on severer conditions in the case — for the ****** reason, round 
bar collapse and a pegging test were adopted as a safety evaluation item. 

[01 15] In the round bar collapse trial, the cell was crushed to 1/2 using the round bar. Moreover, by 
warning a cell, a pegging test is a trial which makes internal short-circuit cause compulsorily, and 
the 4mm nail was used for it. All were performed according to UL-1642 for details. 
[01 16] In the round bar collapse trial, few [ x ] steams [ 40 or more ] were seen, and it was igniting 
52 or more. On the other hand, in the pegging test, when x exceeded 36. emitting smoke was seen, 
and it was igniting 48 or more. Safety reservation becomes difficult, so that the rate of lithium nickel 
complex oxide increases. Therefore, x is set to 36 or less and a<=45 from a viewpoint of safety. 
[0117] 



[Table 7] . 
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[01 18] If the result of the above example of an evaluation trial is summarized, as for the lithium 
nickel complex oxide to mix, 0.3<=X<=3.0 (m2/g) is most suitable for specific surface area X from a 
viewpoint of the viewpoint of Mn elution and the spreading nature of a slurry, and printing nature. 
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[01 19] Moreover, as for the lithium nickel complex oxide to mix, it is most suitable from the 
viewpoint of the viewpoint of Mn elution and the spreading nature of a slurry, and printing nature 
that D50 particle size is 3 micrometers or more 40 micrometers or less. 

[0120] Moreover, when it is made into [LiMn multiple oxide]:[LiNi multiple oxide] =(100-a):a. as for 
the ratio of a lithium manganese multiple oxide and lithium nickel complex oxide, 3< a<=45 is more 
desirable than the viewpoint of Mn elution, and the viewpoint of safety. 
[0121] 

[Effect of the Invention] Since Li concentration change in Mn elution from the lithium manganese 
multiple oxide which is the active material used for nonaqueous electrolyte 2 cell, and the 
electrolytic solution is controlled according to this invention, nonaqueous electrolyte 2 cell by which 
the charge-and-discharge cycle, especially the hot charge~and-discharge life have been improved 
greatly can be offered. Moreover, as for nonaqueous electrolyte 2 cell of this invention, the capacity 
preservation property is also improved. Furthermore, according to this invention, nonaqueous 
electrolyte 2 cell excellent also in safety can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the graph which shows the result of having changed the mixed ratio of lithium nickel 
complex oxide, and specific surface area, and having measured Mn concentration in the electrolytic 
solution at the time of making it immersed for 20 days to the 80-degree 0 electrolytic solution. 
[Drawing 21 It is the graph which shows the result of having changed and measured Mn 
concentration in the electrolytic solution at the time of making it immersed for 20 days, the mixed 
ratio of lithium nickel complex oxide, and D50 to the 80-degree C electrolytic solution. 
[Drawing 31 It is drawing showing the cycle property of the discharge capacity in 55 degrees C of 
this invention and the conventional cylinder cel. 

[Drawing 41 It is drawing showing the impedance of this invention and the conventional cylinder cel. 
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(A) v^^ju. "^>tf>m^mim^. 

(B2) Dsaiatl:^M 0 uml:).T ^^'^3 Mml^_b "C^r> 
-C. LiNiO,. LijNiO,, LiNi.O,. Li, 
Ni,04. :tecl:0'L i N i ,..^^.0, (0<x^0. 5 
-C^O. MU, Co, Mn. Al. Fe. Cu. 4dJ:^>' 
S r f)^f^rj:;sm^Omi,tti^ 1 SJfiiiiico^MTc^^a 

^^L. ♦ ^ •;/->'Jbi$t^gjg(b=^<hO[>tI|jSJ:b^^ [L IMn 
^^5»fb«y] : [ L i N i m^mtm = (10 0- 

a) : aT-^Lfc<!:^, 3 ^ a ^ 4 5 T'^^ C ^ ^if^m 

<b-r-5iiV^Jg 1 - 3cDc>'rn:^HciBa8o^N7k^^?gr:;X 



3 

[0 00 1 ] 
[00023 

^w4-c^^. c(ommu I 9 5 o^mc«g5Etc?»m 
mrj:mm(om^M^^ ox^m (joumai of 

American Chemical Social 
y Vol. 78. p p 3 2 5 5 - 3 2 6 0) $tii: 
l^tchCOX^^^f)^. 1 9 8 S^CCMa t e r i a 1 R 
esearch Bulletin Vol. 18. 
pp46 1-472 tc4oC>-CM- M. Thackera 

mi!)^ts:^tlX^tc im^ii^. Journal of E 
lectrochemical Society Vo 
1. 136. No. 11. PP3169-3174 
^-St^ti J ournal of Electroche 
mical Society Vol. 138. N 
o. 10. pp2859-2864)o 
CO 0 0 3 ] C(0'^>tf>m')^^^{tit^^L i Mn 

mo)'?>ij>mv'^'y MtL i c oo.^^&^wr^ct^ 

[0 00 4) tc^i)K mmac^-^^iy^mv^^o^^ 

n-r, ^<ommitcctiti^^rj:r^m:f)m$tixi^fc. 
[000 5] "^cx-^i^tfi^mo ^0 M.^iEmcm<^^fc 

^(oy7mf>mm^tix{r^^^ m^^t. ^ejcBfcostott^: 

^m-ri>CtCCj:^^\i'^m mm^3-6 7 4 64-^ 
^$R. **P§¥3 - 1 1 9 6 5 6-^^i>$R. ^m^S - 1 2 
7 4 5 3 -^^fS, !f^B§^7 - 2 4 5 I 0 6 ^f^gS 
^7-7 3 8 8 3-^^ffi^tCg37n) . Ut^^^^lVl^r^C 



(2) 1$i^3 0 246 3 6 

<btC cfc^^^m^iS (4^Bf1^4 - 1 9 8 O 2 8-^<2r^B. ^ 
DfW5 - 2 8 3 0 7 -^^jfR. 1$^¥6 - 295724^ 
>^^fR. 1^Bf1^7 -9 7 2 1 6-^<&ffi^CCg3^) . 
^l^i-r^CitcJr^l^tt^^ (*$P3¥5 - 2 106 3 

[0 006] ia_h<t{^Wc^^:qi2 - 2 7 0 2 6 8^^ 

L i<DiaR£i:t^{b^Mi^i:hcc54L.+^ii^J«:-r 

l^rti. ^$F^^4 - 1 2 3 7 6 9-^^$g. *$Pi^4 - 1 
4 7 573-^^«, !f^ia^5-2 0 5 74 4-^i2^$g. ^ 
PfW7 - 2 8 2 7 9 8-^<i>$fi^^c4>P3?n5nrc^^, C 

[0007] $/c. L i il^mfiXi5ISil^i(D5^m€*a6-:, 
/c^O^hUTT. Mn ;^t'^^>>^t^^4L i Mn,0.i. ca> 
«t4J:0^L i U 'j^fj:l. i - M n it^i$fb4^?L i ,M 
n,04. LiMnO,. L i ,Mn Oj^^iM^^-ti-riE 

20 mmmw^i {^xm(^^^mii^. nmw-e -338320 

^£^$R. mW7 - 2 6 2 9 8 4 -^^IR^CcP^.t^^^T 
r^W6 - 2 7.5 2 7 e-^^IR-et*. i^x;^ Jb-^'-^^g. 

30 m^:K^ <r^u.^f>^rj::^nxi.^^ii^. mt^cmv -( 

[0 008] —yj. L i - Mn - O (O^&^Oi t^mc 

%m7tm ^ mmt ^> c <h j: r m^^mh 

nt)inX^tc„ m^it. Co. Ni. Fe. Cr^^C^ 

1 m<omm ' i^-yx^^ ~ 1 4 i 9 5 

4^^^IR. mW4 - 1 6 0 7 5 8-^^fR. - 
16 9 0 7 6 -^^$R. - 2 3 7 9 7 0 -^<&r$R. 

?^t^^^4 - 2 8 2 5 6 0-^^$H. - 2 8 9 6 6 

2 -^^i^$R. ^mW-^ - 2 8 9 9 1 -^>2^$R. 7 - I 

40 4 5 7 2-^^$R^i^cpa^n) • C n6CD^IS7C^?^tD«3^ 

[00091 mycmm)K\(o^u<o^x . 7^o^?^fl^«^ 

fi^i|x.t3:i|fPi^2-2 5 3 5 60-^^fR. !}#P§^3-2 9 
7 0 5 8^^i:^fR. ^^m^9 - 1 15 5 1 5 -^^i^fRr-^CO 

m^^^mfri ^nxi>^^ i ^rn ^> ^Ki t > > ^ tcu v 
50 -5®!) ism^*Ac«:r^':?^ffc^<07Krg?S*cMjia 
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[0010] u:f)^urj:f)i(E>, m(rCr\'^ommmt(^> ^ c t 

[0 0 1 1 ] ±iB<Dcfc^CC-7>y7>^'J^'^ A<7)1f-r iJ' 

jL-^^tt^ # ft /7 CD r u - ^ vO^ii^^ e» n r ^ /c^^ . 

[00121 

mmi)mmuj:'>^'r^mm] \iX±^-<x^f<iJ:^(,c 

i c o o.(o{Kmm^a uxi^^rj:mi^^m^i>m 

'mt ( 1 ) i^x4'>ju+*-ss cm^^m^M) (ommt 
ii^'^^^jvm^o:>msLf)mmx^^c^. (2) gste 

[00 13] c(D/^H<hbr(i. mmmm:(Dmmrj:m 

J^^T<^>J: ^ Kf:C <h 6 n ^ „ 

[00 14] ^Tl^Ji4^om---^(K3:ji||^X'#:^j:C^jH® 
[00 15] i^CoO^j^— ^j:^O^CctgcD^g|«^fjX:7-n 

O,. Mn,0,. L i ,Mn03. L i MnO,. L i,M 
n,0,. LijMn^C L i , M n » 0„ <D J: ^5 J^tBJ&i 

[00 16] ^fife^tf JUCCf+i^^lSs^ftO/^.EgtiL 
5^j^3f3fii 4fffiCDrin"t?^ftb. ^CD/ci?) J a h n -T e I 
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>^ 'J ^ A;!;> e>cOM n corStb c ^ U JAM n rS0i;^5|flia 

<owmt\^x{x. ^wii^<Dm^. -^lyijymo^o/^f)^ 

[0017] m—:^i^'^^MEf)^BJy^^tlX(.^^t ofcm 
MnCD?gai«X t:'^oUt|Jigc|3<;r)3{g<^lVIn;05 4fffiCD 
M n i 2 iB^OM n ^ — gp:^l^f ^ C i CC J: D ^^ygct^ 

>cDta^&^^jr:?^£A^6?gtH Lr u ^ ^ c i i':^!^^^ ^ 

K^mtJ ahn-Te 1 1 e r ^^CC J: *5 

[0018] ^6tCMn*§ttl«:{^|5fiL/r~v'>;^>®t»;^ 

cc J: 0 3 . 3 V h -?fa3&^:^^ < J^jc 0 , fS^e^cct^- 

^^r^^ Ji^^^iti>^ l^^ci't miotic, c o:>mm!^.(D 
mmm. i j^mmfi^^^^^m^^tix^tc^K ^t^m^ 
fitm-^Xir^rjit^K 

^m^oxm^m^ti^^ 

[00201 -x^. e^^m(^^^i^n^m(om'p(Dm 
[0 02 1] '^^cMm^mT^^^'i^mmx\iXcnh<D 

trj:^X\.>^. {^i)^l,tj:i)ih. 0^mtf<Om^. fe^B#<D 



(4) 

7 

:r >Jl/«liS<D V > :^-> g! U ^ A *i^d?> 6 T I i ^ . 
[0 022] iC^r. ^^mW-l 0-11231 S^^2^ 
mtrCit. iE@rS!|55^iUTL i Mn, 0,^0 

-So ^/c. ^P§^7 -2 3 52 9 l-^<5>fS^^. lESfS 10 
^tCL i COo.sN i o.,O,^)ig^Orfla0»^>Ci**Hfi 

[0024] ^C-C*:^H^«. lU±OPr5M,'SCca£^r ri: 20 
[00251 

[ 0 0 2 6 ] EP^. iE^Sm^CC. ( A ) ^ 

. ^^/y^jt^K^ki^i. (B 1) ttmmmxti^ 

0. 3 (m'y'g ) "C^ oT. LiNiO.. Li, 
N i P.. L i N i aQ4. L i ^ N i ,Q4. i N 

i»-,M«0. (0<x^0. Mit. Co. M 

n> Al> Fe. Cu. jdi:g>^S r :»^6j^^ ^S^i: 031(3! 
1 ll^l-:>(±co^Jll7c^^^To ) >0^6:^j:^€1^J:0 3g 

m^i>. 40 
[002 7] $tc-4^^mi^. lEi^mm^c^ (a) ^j^^^ 

A ■ -7>:^'>1@^^{t:it^i. ( B2) Dsaf5tS?&i4 0 M 
mtUT-C^ or. LiNiO.. Li.NiO,. LiN 
i,0,. Li.Ni.Q.. i N i , - , M, O, (0 

<x^0. 5-Cj^O, Mit. Co. Mn. AU Fe. 

• r;us:^'^A?I^^^k1^^^<o ) 3&>6>U-2)^cl:0iS 
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[0028] xtx-^nn-e^. mlZ') "^^O^ - ^>tf>m^ 

(100-a> : axmutct^, 3ia^45X'^^ 
(00291 

lawr^^U^-^A • -7>^>]S^K{fc!B9tc. (B 1 ) 
tL^ffiSX^^O. 3 ^X (m'/'g) r$>^»;^'t'A - 
:^ '^^HS^iSft1^97:>\ ifc(;t(B2) D,o&^i<>^40 

•ci^ffl-r^ciitCcto. ( 1 ) mmm^(icmm-r ^Mn 

^ :4 >:OiA«Pitc:i.^nc < j^j: 0 . |SIB#CC ( 2 ) ^ft¥i«cpic?^ 
?5-r-2>L i -r^tXT^r^S^ft^Wh^ <rj:^^ (3) 

[0030] COyjz ^ ^c*£m5&3ff#e>n'&^ ;^:^XA«. 
J^iaiL/T. ItCCL i PF,iS/ctiL i BF.cr>^^(C|K 

x{t . iE<stt3cc ^ ^ n ^ ±id(Dmm(ottmmmi)^ d , » 

fl<D U ^ A • ^ ^ma^Kf kiBl:^**^ :t > 

-stattAsii^^n-^. $/c. 5^ ^>A • ^ Jl/M^e^ 

[00311 C^'rntCU-C4>. ZE^cpCCU^'^A • 

Ur>X: y ^OA . -7>;f7>j!g^ffitfb!B3S#<Dt»it 
PF.4o<|:CXL i BF,<D<fcO^:cfiS€:iJSO-^TC^^}^iM 
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10 03 2 ) $6cc. v"^^/^ ' ^y'^-j^m^mmt 
^ tj: ^ ffl I > fcm^(^ It . u^xmrji^m tor 

(0 0 3 3 1 $6CC::|5:s^H^-Cti. »; A • -7>/7>1g 

[L i Mn?I^^ft15?l] : [ L i N i m^mifiPi] 
= I 0 0 - a : ar^L./ci#CC. 3 <h ^cS J: ^ CC 

[00341 :*:|%H^CcfflC^6n^ •J^'^A • v>/7>S 

^-C^K}. L i MnaO.^CD::^ t*;^oL'tMiaO-7>;^'>g$ 20 

Li.Mn,0.. *jJ:0'L i MnC^^^Cf 
•SCiJ&^-e^rS, <l<D^'Ci>. L i Mn, 0«^<7:)^f^> 
iUt»it<D-7>;^/>^lF^'>A^5^rf$t.<^ Xt:^>H.t»it 
^i-SPaO CL i ] / [Mn ] l:b:?&50. 5;&^6mrc> 
r*>a:<, [L i ] / [Mn] tbiL/rW. 0. 5- 
0. 65, Pl^^L<i,tO. Sl-'O. 6. S4>!ff*l/< 
UO. 53—0. SS-C*^. 

(003 5] */c, mmic. ^.yij^m^j^'-yj^f)^^^ 

^wUtSo^^i^PID [L i +Mn] / [O] tm. 0. 
[00 361*/^, 'J^-t^A •.'7>:^>}®^^fb«50te 

[0 0 3 7] dCOX'^rji^J^^j^ - -v^>;f7>^^^^b1^ 
[0 0 3 8 ] -7:ytf> (Mn) ;^f^f:foJ:C>''J^':>A (L 

^'^A. ^{by^^^A. mmv'^'OJ^. ;'Kg^fb';^»^A 

^CDU Afb^^^fflC^-SCiTt^^T'^. MnlP>4<hL/ 40 
r^;lC^^«?z:i$fb'7>//> (EMD)\ Mn,0,. M 
n^O.. it^Z-mt-^^tf^ (CMD> ^(om^<OMn 

i <bMn<7:)iffliatb<^>ifi(^o^M3. *^5^s<7:>^c^«:<t 

UCi. 50 
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A!^,f4*JctOf'7>//>i^,f4^£'gtccSi;rt»«sb. iS^ 

j'ccJistc ^ ^ ;t ^ c i ^ L. c ^ o M n mA(onmt , 

3ffl^3'-'7 0 /im. *t^L/<{i5~3 0/imr*5. ^ 

^imJ^T. O < t^3 M mJ^T-C^^, 

[0 04 0] 'J 5--0A • ^>;^J>^^i$fbi^CD^i^JSCc; 

,Oj. MojO,. LijMnOj. Li^Mn.O,. Li, 

r^ScD^^*5<|:0'*»i^CD';^->A • -^Zyiil^m.^WiW: 
A j^f4fc <t > > jF.f40l^^® ^ :$M^tc^ 

nmmm-^. m^ff^<Dm^k^^if'z,xi>m:i.^. */c. Mt4 

[0 04 1 ] '^X^C^ -en-en(D/^.f4€rL i /Mn<D*;U 
<Oi$^^jEti. 50 — 760Lor r fll^-C^^o 

[004 2 ] gl^rai^tt. ifi;^4 0 0 — 1 .0 0 0 'cr* . 

fit, Xt:-^oUtiitcr)-7>;^'>8^'J A^i^ig-r^CO 

It^fc^-So fie'orxf^^;Ut8i*cO'7>;^>K9^'>A 
^^iS-r^WCta:. ^/?3c:?a^ibT^f^ U<(J6 0 0--- 
900•C. ^^>^^f^U<«7 0 0'-8 5 0'Cr*'S>. 

[0 04 3] mf^mm\it. m.-Kmrn-r^cafji'v^^ 

i)K 6-100 m?^. S b < I 2 — 4 8 B^PhTC 

mtm^\^tjiK.^i5i)m^ L/ < , I 0 0 'cxhvxr 

[004 4] ccoj: ^ccurfi^^n/c V ^•i' A -^l^t} 
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mt^-C^^. LiNiO,. Li,NiO,. LiNi, 

O,. Li,Ni,0.. i^xi^dtihcomtmc^mt^ 

-"•:/U/cg?{fc1»tt. LiNi...M.O, (0<x^0. 
Co. Mn. AK Fe. Cu. i6j;:tJ^S t ii^^rx^U 

[0 04 6 ] C<Oct»T4>. L i N i 0,*sJ:C>'L i N i 
,..Co.O, (C<Dt§^, x»jl^O. 1—0. 4-C^ 

CO 0 4 7 ] r^;$:^n^-C(i. ±iS 'J ^'^7 a 
•^Kft^KlCDL i /N itb (L i N i ^.MuO,(om^\t 

L i / [N i +M] tt) m^^titcmmibfy^h^'p 

[0 04 8 ] :*:|%B^-C«. CCDJ:'5>'j:U^'> A - 

Ta> ^ CO ^ fflc * ^ i lEi^sm^^ Misr ^ ^ 0 » B 

. .[ 0.0 4 9 I * fc. ^mnXkXmmcO V ^f? A- '-^ -j^ 
mc^T4>J:<, D,oritl^4 0 MmtlTiT^Ci-C, 

[oosoir^. cc-ctb^S^ica:. t^^miisa* 
coo5i]*/c. Dspfiiti<ht±. mammfiS5o%cc 

[0 05 2] C(DJ:^^t'^^'t7A • :^'jtr)\^WL^m^^^ 
^AM4iL-Ct3:. Baa!<tfei4i6C^xt^^^®V^'>A. 

Kifcu^-^A. iSK'j^'^^A. 7kS{b';^»i?A^cD';^ 

i ) l^nf<bUr7K©!fb^-:^^Jl/. ^fb^-:r^Jl/. tfflK^ 
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(0 05 3 ) •J^':? Ai;^.f4*5<l:0'^>^^H?.Wi^. >SL^ 

(0 0 5 4 1 -ecom. L i /N i J:b3!)^g0^<hT^> •J^'^ 
A - j:- -Jr JU8l-^^fbJ^cr>Mlj£l:bCC'^^ <t ^ CC<t 0 . + 

5>rg^b/cffe. U^-^A - v>//>l®^®?{b«5<DKigi 

10 l5]mcCbT^R3tT^. j^;7S;^)[§[l^5 0 0--9 0 O'CIf^ 

lil^:, U< ti$6Cc^<ar^CitCJ:0^^CDtb^ 
^/ct*DsotiS<DU^OA • ^•:.^JUm^Kfb!B? 

[0 05 5 1 *:^0^O^P?K^^?i^-:^?§rlb<^cfflc^6n^ 
iES^ew, c<D<fc^3^j:9^'^A • •7>//>^#^fb!^ 

[005 6]!^. >^^0^r«iE@r£^^Mi LT. ccoj: 
;Ht^^fb^icOtg^J^cOfi!iCc. L i C o C^CD-^ 

[ 0 0 5 8 1 t^. ^^tiW-^S'Ji tai#tcsim»fei 

> (pvDF) m(om'^mi^hti^iy<o^m^^^c^i)^ 
10 05 9] —yi. ^ir^nmr^^muxii^. v^o 

40 A. •;^'t;A^^$fctJU^'>A:^l®® - Sfdib^^y 
(0 0 6 0 ] •feySU-^J'm^tCKR^^nJ^cCC^^&i, mti. 

50 <h3&s-c^s. ft?^b<«. ^mf&mmmizuxx.^u> 
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tj^j]i^.~^\^ (EC). ypt:U>/7-7j^^.- h (P 
C) . r-^^P^^ h> (GBL) ^J^^>6t^^*< ifc 

imm. i&^m.ismt{.xi>:t.^)vt;-7i<^^-i (de 

C) . 5^>^;l//7--K:f>- h (DMC) . 
^-7^';^-^ (EMC) . xX7^;l/®^*^6il^3^< 

i@^agt;^b. t<Dm^r^^mi.>^o ec + dec. p 

C+ DMC^/ctiPC-t- EMC;&5fi^$ L/l^. 
[0 06 2] 3:^^iUr«L i C I O,. Li I. L 
iPF,. LiAlCI.. LiBF,. CFaSO^Li 

^^<0^. t^CCL i PFs^S/ctiL i BF,^ffiC^/ci^ 

[0 06 3 ] mm(OmfSL^ b-Ci^. ^Jf^. 

to c T isje-rn J: c » . 

[0 064] 20 

^ffifiti. Quanta Chroin e^±MQ u a n t 
a S o r b ^fflC^r. DsoliMCS. Micro T r a 
c tt K F R A ffl C ^ r SiJ^ L/ /c o 

[006 5 ] mmw^^mi] ^i^is:^^^)^o^(D^ 
^cc«. ai#fem4<t Lri^gE*;^':?^ (Li,co3) *J 
,tc;fm<»:ii$ft-5^>:^/> (EMD) ^fflC^/c. 

[0 06 6] ±i5t7)mj^;m*4o?i^<7)Bi/P:S:P^<h or . 

lCo^a)lSlJi<?:@Wfji!l^WT-2>'7>;^>^«J ^-^^ 30 
^Ci^ae^CC. L i ,CO,<Dt&63^fcJ:afEMDcr>5>IR 

*^t4S7:^i??^L.l>(7>*C, EMDcr)fast>-^>:'i>S!'; ^ 
•t?A<D@fitf?iS<»:f5lG5'-3 0 ^zmibJ^c, 

[006 7 ] — :/7 . L i . c O3 um—msjc:^(om\^^(ofc^ 

4 mi Aj: ;S <!: ^ If o /Co 

[0 06 8] C(OJ:^CC^^(Dfi[^Cc:-e6x./cEMDfo 40 
<fca^Li,CO,^. [L i ] / [Mn] = 1 . 0 5/2 

[ 0 0 6 9 ] C(7>rB^t0^^^:7n-<D^amT. 80 

o-cr'«E/?S;L//Co ycc^r-. fS6n/c"7>:^'>K'j a 

[007 0] ^-j-fmm^tZ. 17&/CC. K 

S?^t^4. OQgx/cc. D 5 0$4{St^ I 7.. 2 urn. 
*ST-^SftOi8. 2 2 7 Ail^-^fi^m^ttr^o/c, 50 



Ifi^a 0 2 4 6 3 6 

[0 0 71] ^j^-^j^ ' ^)\^m.^m\tmt u 

[0 0 7 2] ±iacDJ:^CCffi^L/c-7>y7>llS';^':?A 

cLL i N i o,<h^a uca-ri»i^-cr^^u. -ecos^ 

.f»5 RiL i PF. (TiiK 1 M) ^^0:7-nt u>:^- 

- h (PC) i>>^^>^^;^-7^';^- h (DMC) 0) 
U^mm (50:5 0 «*ll%) ) <Dm6??K 1 0 c c 

[0 O 7 3 ] cneO^m^is^S O'CCC^fPI^.U. 20 



[0 074 ] 
[^l ) 



a (IiNi02ig^lfc) 


%^li$4iCD Mo mS. 


0% 


2320ppm 


2% 


1792ppin 


3% 


773ppm 


59« 


623ppzn 


10% 


54ppiii 


15% 


T.Sppm 


20% 


l.9ppm 


30% 


<0.2ppDi 


35% 


<0.2ppm 



[0 0 7 5 ] (^1*^ aiumiE^mm. [v^'y 

S^fb^tf^] ^ ( 1 0 0 -a) : atmiOtc^^COO^OJ^ 

ccoisi^*^^, L i N i o^m^itf)mi'H3:e. mmm 

<*:*«^.tl$h'5o JgrfrC. L i N i 0,i}i3^^m<Di>(D 

-CCS. ^^^^f < <b^m;jnT'5>citCct-:>rMn<7:)?§Ui^iqi 

t*. 10%t^±T'^^o 

[007 6] [IMI^il^J 2 ] t¥lffii^^fi?«J 1 -cmMUfc 
[00771 



im2] 



a (LiNiOal^^tfc) 




0% 


6577ppm 


2% 


5Gl7ppjn 


3% 


6323ppn3 


6% 


6364ppin 


10% 


€402ppnn 


15% 


64l8ppm 


30% 


6420ppin 


35% 


6422ppni 



(8) 



0 2 4 6 3 6 
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[00 7 8] L i P F» (tSk^ 1 M) ^^0:7*1^ f U > 
fj^Tf.^-h (PC) <bt^^5=•Jl/;0-^K:^- h (DM 

c> (om-^mm (50:50 mm%) > <ommm^<o 

L i N i 0.i^^tt^^3%lLl±X\ mmm^cOL i iiir^ 

[0 07 9] mmumms] lo 

Urta:. tta®^ibr3. Om'/er. 2. 3 6 m'/ 

1. BOm'/g. O. 7lrn'/g. O. 49m' 
/g, 0. 30m'/g. 0. 2 5 m*/g<D7 fflSg© L 

[0 08 0 1 ;^tc. ^>/7>^U AiS^Ohb^® 
^CDL i N i o , o 0 .z ^^^^(OmmM^lt (a 
= 0. 3, 5. 10. 15, 20. 30. 35) T'tg^ 

i?fffii*ii0« 1 tmmdc^com^m^ g <h l i p 20 

(igglM) h (PC) <!: 

iyj^^jUtf-^^^^- h (DMC) <7>iM^rS*S (50:5 

0 ((*«%) ) (ommmi o c c^?KgaifS6cAn/<:„ 
[0 0 8 1 ] cn6<7:)^&^Sii^8 o-CKi^jn^.o. 20 

Mn I CPCCriS'^^Ufc. -^-cD^m^® 1 

[0 08 2] fFlffi^liie?43O|SMct0. O^-yj. '^ J 
/C«Mni^Hi«i^JO^J!imAVh5t" a..> 4 ^xm^ti, 

n?iSSo 1 /3^:iTtc3^j:^/kc^„ j:-oxttmmm^^o . 

[0 08 3] mmumrn^] v^'^a • -7>/7>ffi^ 
mit'^Li.xwmtt^mmi ^mmc{^x^fi^\^tc^:yi3 

L/"CtJ. D5o*^2/im. 3Atm. 1 5 ^m. 26Mm, 
40//m. 4 5 Mma>6M*JOL i N i ».eC Oo.iO, 5K40 



16 



[0 084 }:iXCC. -e>;^i>S$«J Aifl^/OJrt-^Di 
^<DL i N io..COo.^O,i^:^5e©ffiail^l:h (a 
= 0. 3. 5. 10. 15. 20. 30. 35) rzl^ 
O. fi?fi5ii^Pe?ill <i:l5](^^-?-CDtg^t»5ff<f:L i PF* 

(rSSl M) ^Stf:7'Db-U>:/7-^4'^- h (PC) <!: 

iy^=^}Vij-zr^^^- V (DMC) (oxm^m^ (S O : 5 
0 (f*fa%) ) <7)^^i« 1 0 c c ^mmnmcKh.fc. 

[0 0 8 5 1 Clie>0?BB3SS^8 0'C*CflPiaL. 20 

Mn I CP:ct::9^^U/c, ^CDl^l^^!a2 

tcin^. ^S*MN$C^ti<£f. Mn?gai^m^J'r'&xibl[l;&i 
m^C<h7:>«jf5^3&^^o S/c. D.olitS4 0 /imct«5:;^|fC> 

)\^m.^m.\t'mo:>m.^it « a > 4 5 U 



D,ofAS*M 0 um]^AT(Oh<OXrj:if^tt\Lt^(Onm>^^S^ 

[008 6] [g?ffiiii:i&py5] ';^'t?A • ■e>//>s^ 
mm^i^xwmw^mx tmma^x^Ji^i^tc-^iyij 

Itmmm^OXA . 5m'/g. 3. 2m*/ 
3. Om'/g. 1- 50m'/g. 0. 30m'/ 
gCOBIl^coL i N i ^.aC Oo.i O,l^^^ffi:^tv/Co 
-7>;^'>iSU^'i7A. L i N i o.,C Oo.iO,J^O'2fim 

»J K> (NMP) cfitcttJx, rSliUTi^— ^C5>fti(?ii-r 

»>A : L i N i „„C Oo.O. : 2^1^11 ^f^^'i : PVD 
F-: NMP ^ 3 0 : 1 0:5:5:5 0 (mM%) (0\m.. 
^j:t (a = 2 5) -C*o/c„ 

[008 7] V KttSitiCT?!"]^^?? 

/c?^. ^CDX^ 'J-^/m^ 2 5 MmCDT;US^IlS±CC 
1^— tc^^ ^tf o /cf^^ N M P ^ 5 1± ^ C i -eiE@>' 

[0088] 
[^3] 











4.6 


22.000 






3.2 


18.000 


yMbL/^^ 


^=F^ 


3.0 


6.D0Q 






1.50 


5.D00 






0.30 


4.000 




Si 



[0 0 8 9 ] a3i:0. i:baGim3^)^3. Om'/gJ:0 
tb^BS©«3. Om'/gJUT*«ft?*L/C.»Ci*«t>7&> 



[0 0 9 0 ] [i?fflBi^l^0?tl6 ] i?<ffii^^e?ijcc4dc>r. u 

3^tm, IS/xm, 26^m, 40^/m. 45//m<OL 
50 i N i o..Coo..O,t»^^ffl.^L/cfelWii¥ffli^®l0»l 



4#i^3 0 24636 
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2 


22.000 






3 


8.000 






15 


G.OOO 






26 


5,000 






40 


4.000 






45 


3.600 







(9) 

17 

5<h|BjS|tcUriE®i>-hiO/c. i^4«:. Dsolif^i * [0 09 1] 



[009 2 ] ^4J:0. D .ot^im^^S un\J:0^b^l>m 
aunts tJim\iX±i}m^L^i.>cai>it>f)^^, 

[0093] [wm^mmi] v^o^ - ^>tf>m^ 

OX^it. Itmmmi . 7m*/grC>L l N i p..C o,.. 

0,^:fflt>r. 2 3 2 on W^>-b;l.;S:(^$iU/Co 
[0094 1 BP^. iE@Ci*^>:^/>i$';^'^A : L i N 
i 0 . . C o 0 . , O, : a^^tif^^^ij : P T F E = 7 2 : 

8:10:10 (MM%) Oig^tt ( a = 1 0 ) "CZg^ 

TiOzf^ -J ^^m^^tc^ ^mUit> I 4 mm. 1 . 5 

mm<D^ilL i ^fflC^ 2 5 m<D^ 

M) ^^OJi^U>:^-3t:>.- h (EC) i ^^^b;^ 
-^^^^-V<OU^mm (50:50 (^®%) ) 



^ [0 09 5] [5jB^tcJ:bl$cO/cit)tC. iE^^-7>;^>g$ »J 
5^';7 A : zSli14^^#»J :PTFE = 80: 10: 10 
(tiBl%) iU. L i N i o.»C Oo,aO.^^^'CC>>^ 

lvfc2 3 2 0 3^>-tr;U^f'g$3t>;rco 

[0 09 6] cnecDnw'^-fe^u^^mt^r^^ssc^t^-/ ^ 

;H^^^^f-:>/c„ 1f i^jbt^^m. j!5(^<fn^cco, 5 m 
A/cm'cDS^TJgib. ^jBc^^JEi5ffl(i3. 0- 
4.5V V s Li T'ffo/Co * fcfFlffifaSti 1 0 *C 
20 i)^^ 6 0 "C^-C 1 0 "C^^'^^^i 

[009 7] L i N i p. , C o p . , O, ^^0^>cr) 

g?ffi^a^tcj:^#5 0/'# 1 (1 -!t-r 

(%) ^astcynr. :*^^^«:<j:-Sr3 W'>-fe;K30:^*51^ 

[0 09 8 ] 
(^51 





#5 0//# 1 ^fi^^^ W) 






1 0 


9 4 


9 2 


20 


93 


9 1 


30 


9 2 


88 


4 0 


9 1 


84 


50 


89 


76 


60 


89 


73 



[0099] [f?ffi^®l(|f»j8] »;^«^A - -7>;^>^t^ 

Lr«. tt^anmi . 7m'/gr<OL i N i o.,C o„., 
O, ^m^^X. 1 8 6 5 0R(iJ-t;U€:iiCf^O/c, 

[Oiooien^, $f '7>;^7>ss»j ^^^^A, lini 

o . . C o 0 . , O. :|d JrO'e^tgttW^SiJi U r ;^ -5i<> :/7 
•J' ^'^r^^^g^L. ^>W>^--C*)^PV D F^?^^$ 
if/cN-^ 5^i^-2 - tfa 'J K> (NMP) tfiw:*^— 
^fiJtS-t*:^ V i;-^flPS?U/c. -eOX^';-:§:;^$2 5 



;^>KV^^A : L i N i o.sC Oo .O, : mmm^^ 
40 8^1 : PV D F = 7 2 : 8 : 1 0 : 1 0 (ffifi%) 
/Co CCDiit. a = 1 0-C*5. 

[0101] — m^S^- hti^^-'-t^V : PVDF = 
90:10 (MM%) <Dl:t^<»:/:f ^CC^M^l^NMP 
iC^SJc24±, /^^2 0Mm<Da3?gJitC^?tiL/Tf^ML/ 

[0102] iUJb<DJ:^^cf^^U/ciE®:foJ:0'm@coii 
^S>- h^m$ 2 5 ^mO!:>d<'7ai^U>^7LJ^Hz/> U — 

[0103] 1 MCDL i PF.^^t^^i b. 

50 mm^ty^^^U:yt3-^^^^-h (PC) ii^x^^U:^- 



(10) 

19 

7t<>^- h (DEC) (Oim^mm (50:50 (i^m * 

%) ) t U/Co 

C 0 1 0 4 ) I^B^CC. ttm(OfctbCClEm^(^L^ I N i 

OM. : mm\±i^^m :PVDF = 80:lO:lO(m 
®%) i Ufci^9\-Umm(rCi^X I 8 6 5 ORi^-feJU^rg^ 

[0 1 0 5 1 cn^CDRI^-feJU^fflC^r. 5 5-CCC*5t:t 

4. 2 V^r\ fiJt^t^: 1 0 0 0mA-C3. OV^-C^f-:> 10 
/c, mate. L i N i O..C Oa.,0,^^tfig^ (^SS 

[01061^ etc. AL^mmm. mmiiCj;:^[Hm^ 

JU^ffiC^r. 5 5-CtC*jt-t'5>5?tl&^+/^i'JH«^^ 1 0 

[0107] mmimm^^ ')^^^- -^>ti>m^ 

LTti. tbaSSl . Trn'/gOL i N i 0..C Oo., 
0,^fflC^T. 1 8 6 5 ORM-feJU^i*f^b/c. * 



4^g^3 0 2 4 6 3 6 



20 



c o I o 8 ] 18 6 5 onm'^}i'o:>mi'^:f^mt.mmi^m 

itm^. -7>:^'>fi$'J^0A : L i N i 0..CO 
0..0, :mmm'\^m: PVDF=80-x:x:1 

0 : 1 o<bu/ci#<^>x (mM%) ^» ms^cin-rm-^ 

i^g^^?f^/c. 1^6 tC«. a (=x - 100/8 0. ifij 

[0 1 10] CtD^-^tCf^fSJU/cRgf-b^b^fflt^r. 5 

[0 I 1 n 3^L^^ti5 0 0mAr4. 2V^T?^mzy£5fe 
«iU/cfi^. 4. 2 V'r2B^ra^mEE5TEm^tfo/c. ^CD 

5 0 OmAr?^ h =i-:7^{i€r3 . OV<tl//c. 
[0112] ^6tC|^fpU/cR^'feJUCD2 SSmiflfglf^ 

aie-r^ ) CC5*T^9I^^7J^T, L i N i o .C Oa.aO 

,^?atlOU/j:t^ti^ (x= OCDti^) iC)^LT. ^ttlL 
/cli^«2 8BRI!j65(gf|^^g®<DK??tt:6i^^C^a */c. 

BJlfScD ^•^ A • r. ^>»us^K(b«5ig#«j!imrRj^ 

[0113] 
(^6 1 



• X 


a 


4W 

CiriAh) 


4W ^ayow 
(%) 


0 


0 


1205 


83 


4 


5 


1 393 


93 


8 


I 0 


1452 


9 4 


1 2 


1 5 


15 11 


9 4 


1 6 


20 


1554 


95 


20 


2 5 


1598 


95 


2 4 


30 


16 4 2 


95 


28 


3 5 


1686 


95 


32 


4 0 


1748 


96 


3 5 


4 3. 8 


17 7 4 


95 


3 7 


46. 3 


L 8 1 8 


95 


4 4 


55 


1862 


96 


4 8 


6 0 


190 6 


95 


5 2 


6 5 


1949 


9 5 


56 


70 


1993 


95 



[0114] iwmtmm i o ] wmi^mm^r^vmL. 

[0115] fLm£mw^x{t. 3ft.^^fflc^T^rife^ 1 
/'2*'eo^u/c. ^/ciTiiogiC©i*3:. mm^cmtrnf 



0. 4mmcr)^T^fflC^/c« t»-rn^i^ftffl(JU L ~ 1 6 4 

[0 1 16] ^mEm^m-c^iXy.ffiA ou±rffi*>^j:2K 
M/^^m^n, 5 2U±-c^:;ci/j:o/c, — rrMOi^ 

g|r«x7&S3 6^^^-5<h|%jlg*5a6n. 4 8J^±r|fi 
50 <Aj[-5t2<i:S^ttfig^«©j8<b>:iS, 6£or. S^co 



1#S¥3 0 2 4 6 3 6 

22 



2^ 


2^ 




VI ft. »^\<X?*t 


0 


Q 






4 


5 






8 


1 O 






1 2 


1 5 






1 6 


20 


^® • ^A/J: L 




20 


25 


• ^3k<fc L 




24 


30 






28 


35 






32 


4 O 


^ - ^ik/j: L 




35 


4 3. 8 


^iktai. 




37 


4 6. 3 






44 


55 






4 8 


60 






52 


65 






56 


70 







en) 



[0 1 17] 



21 

a^4 btrjii>. 



* («71 



[0 118] ia_hOi¥fafii«®ie?iJcDfem^^id?)€><»:. ?M 

^^0, 3^X^3. 0 (m^/ff ) 7&«^<^>3ibr(r^^o 
[0 1 1 9] */c. rS^-r^'J^'^A -^-^f^JUlg^^ 

[0 120] 'J^'^A • -;?>:^'>^^Sft:!K5i r; 

•^,J^0^^^t4<Z>iI.^, J: »:) . [ L i M n m^mitm ] : 
[ L i N i ^I^^fb!^] = ( 1 0 0 - a ) : a <!: Utc^ 

3 J.a ^4 5;5W$UCi. 30 
[0121] 

i^^rSI^WX'^^ ?^^A - -7>:^'>^t^^{t^;o^ecD 



1 ] 8 o'c<ommmfrc 2 0 Bmmm^ i±fcm^(Dm 

[S2] 8 0-COm^^tc2 OBPemiS^i^fclt^©^ 

[^3 1 ^mn^J:a^vi^(omm'^jv<D5 5 •ccc*5C:f -5 




(12) 



4#i*3 0 2 4 6 3 6 






¥10- 


112318 ( J P . A ) 


(58)P3^ L fc^if (Int .a , 


mm 




180718 ( J P . A ) 


HOIM 4/58 




^10- 


92430 ( J P. A) 


HOIM 4/02 


mm 


¥6- 


60887 ( J P . A ) 


HOIW 10/40 


m^ 


^8 - 


2X7452 (J P. A) 




mm 


^8- 


138670 ( J P , A ) 




mm 


^11- 


3698 ( J P. A) 




mm 


^11- 


54120 ( J P . A ) 




mm 


^10- 


199508 (J P. A) 




mm 


^5 - 


13107 { J P, A) 




mm 


^8 - 


171935 (J P. A) 




mm 




5Q895 .( J P . A ) 




mm 


^6 - 


349493 (J P, A) 




mm 


^9- 


55211 (J P. A) 





DB«) 



